We examined whether vection was determined by the retinal coordinate. The participants sat on a chair with their body rotated 0, 45, 90 and 135 degrees and with their head facing directly at the stimulus screen. Vection strength was changed by rotation of the body. Thus vection was affected by the body coordinate and it was not determined by the retinal coordinate alone.
Introduction
When stationary observers are exposed to a large-field visual motion, simulating the retinal flow generated by self-translation or self-rotation, they often experience an illusory perception of self-motion, known as vection (Fischer & Kornmuller, 1930) . In the history of vection research, various stimulus attributes which are effective or ineffective for vection induction have been examined (e.g. Seno et al., 2009) .
One important attribute is in which coordinate vection is determined, whether in the retinal, body, head and/or world coordinates. Morse & Rieser (2003) reported that vection is strongly determined by the retinal coordinate. Kano (1991) also reported that vection is affected both by retinal and world coordinates. These results suggest that vection is affected by the retinal coordinate.
Other studies reported that vection is affected by vestibular inputs. Young & Shelhamer (1990) and Mueller & Kornilova (1994) reported that vection in microgravity condition became unstable and sometimes could be induced in the opposite direction to the normal vection. Lepecq et al. (2006) reported that by adding a vestibular input during vection, the vection direction could be biased intentionally. These results implied that vection was not determined by the retinal coordinate alone. Nakamura & Shimojo (1998) reported that the vertical vection was modulated by the body posture whereas the horizontal vection was not modulated by the posture. This result implied that vection is mediated by both retinal and body coordinates.
In this study, we set four different body postures with the same retinal optic flow. The body was rotated horizontally 0, 45, 90 or 135 degrees with the head always directly facing the screen. The participants twisted their head to face the screen. If the vection is determined by the retinal coordinate, the vection strength would be constant for each of the different body postures.
Method Apparatus
Stimuli were generated and controlled by a computer (MB-543J/A, Apple) and presented on a plasma display (3D Viera, 50-inch, Panasonic, with 1024 × 768 pixel resolution at a 60 Hz refresh rate). The experiment was conducted in a dark chamber.
Participants
Sixteen naïve volunteers participated in this experiment. Participants were graduate or undergraduate students. All participants reported normal vision and no history of vestibular system diseases. None of them was aware of the purpose of the experiment.
Stimuli
Optic flow displays (101˚ × 80˚; presented for 30 s) consisted of about 1000 randomly positioned dots per frame and the global dot motion simulated forwards self-motion (16 m/s). The screen size was bigger than that in our previous studies (Seno et al., 2009 . The stimuli were the same as those in Seno (2013a Seno ( & 2013b . There was no fixation point in the stimuli. However, the participants were instructed to fixate on the focus of the expansion (FOE). We think that the FOE would be the role of the fixation point.
Procedure
Participants were asked to press a button when they perceived forward self-motion, and keep the button depressed for the duration of self-motion. After each trial, the participants rated subjective vection strength using a 101-point rating scale ranging from 0 (no vection) to 100 (very strong vection).
T. SENO There were four conditions in participants' body posture. The head was always fixed facing straight at the screen but the body was rotated 0, 45, 90 and 135 degrees by rotating the subject's chair (Figure 1) . We believe that even with maximum rotation of the body, the participants still could gaze the stimuli as correctly as the experimenter intended. The experimenter observed, checked and confirmed that the participants could do that during the experiment (Please check the Figure 1 ).
Result and Discussion
The results were shown in Figure 2 . The latency was the shortest in the 0 degree condition and it became longer as the degree of rotation was increased. The duration and magnitude were the longest and largest in the 0 degree condition and it became shorter and smaller as the rotation was increased. One-way ANOVA revealed a significant main effect of the body rotation in all three measures (latency, F (3,45) = 3.64, p < 0.05; duration, F (3,45) = 7.72 p < 0.01; magnitude, F(3,45) = 4.32, p < 0.01). Multiple comparisons revealed significant differences between the 0 degree condition and the other three rotated conditions (Holm, p < 0.05). The obtained vection in the 0 degree condition was stronger than the vection obtained by the same stimuli in our previous studies (e.g. . This is related the fact that in this study we used lager stimulus (101˚ × 80˚) than that in the previous study (72˚ × 57˚). The vection was the strongest when the body and the head directions were the same. When the discrepancy between the head and the body positions was increased, vection strength was weakened. Thus vection was determined less by the retinal coordinate but is significantly more affected by the body coordinate. We speculate that vection is determined by the output from the integration of multiple coordinates.
We should do the same experiment using visual rotation along with yaw axis in the future. We obtained the subjective direction of vection in this experiment by oral report after finishing the whole experimental procedure. The participants mainly reported the forward self-motion to the stimuli, i.e. moving into the display. Thus the direction of the head determined and dominated the direction of the self-motion. However, further examination for this problem should be needed. This will be a very important topic of this field.
In fact, there was the possibility that in the condition of extreme rotation (e.g. 135 degree), the observers might have continuous efforts to maintain such an unnatural posture, and then, their attention would be deprived from the vection task. Vection induction requires attentional resources . When the attention was deprived, vection should be weaker. In this study we could not deny this possibility. In future examinations, we should control the deprived attentional resources by the different postures. 
